Introduction: Due to its low melting point, porous three dimensional PCL constructs can only be sterilized with low temperature methods if the shape and structure of the constructs are to be retained throughout the sterilization process. Gamma irradiation, hydrogen peroxide gas plasma sterilization (HP), and ethylene oxide (ETO) are the most common low temperature sterilization methodologies available for such application and among these HP is the least expensive and most readily available. Unfortunately, based upon previous results in our laboratory (unpublished data) we became increasingly concerned that HP sterilization of PCL constructs resulted in substantial cytotoxicity to canine chondrocytes. The objective of this study was to assess the cytotoxicity of PCL after HP sterilization or isopropyl alcohol and UV light disinfection protocols on canine chondrocytes. We hypothesize that HP sterilization will significantly increase the toxicity of PCL to canine chondrocytes.
Results: PCL Size distribution between groups:
There was not a significant difference in the size distribution of the PCL constructs between any of the groups in this study. Therefore, any differences in cytotoxicity between the groups were not due to differences in the size distribution of the constructs. Cytotoxicity (Figure 1 ): There was not a significant difference in resorufin fluorescence between the tissue culture wells before addition of the PCL (p>0.05), indicating that all wells had viable cells. Further, the data indicated that the optimum time point to assess cell viability was 1.5 hours after the addition of the resazurin. Therefore, resorufin fluorescence was assessed 1.5 and 4.5 hours after the addition of the resazurin to the wells for subsequent analysis. On the first day after addition of PCL, the HP group had significantly lower levels of resorufin fluorescence compared to the negative control and all other PCL groups (p<0.001) indicating significantly lower cell viability. There was not a significant difference between the negative control and any of the other PCL added groups, indicating similar cell viability in these groups. On the second day after the addition of PCL to the wells, the HP group still had significantly lower resorufin fluorescence compared to the negative control and all other PCL added groups. The resorufin fluorescence of the HPDM group was significantly lower than the UV, ALC, and the negative control, and the resorufin fluorescence of the UV and ALC groups were significantly lower than the negative control.
Discussion:
The results from this study strongly suggest that HP sterilization of these porous, three-dimensional PCL constructs resulted in cytotoxicity to canine chondrocytes that exceeded that identified with either 70% isopropyl alcohol or UV light disinfection. These results were identifiable at 24 and 48 hours after culture of PCL with canine chondrocytes and were manifest as significantly reduced measures of resorufin fluorescence. The exact mechanism of cytotoxicity remains unclear but we hypothesize that residual H 2 O 2 that remained within or upon the porous 3-dimensional constructs after HP sterilization leached into the media once placed in culture and was toxic to the canine chondrocytes. The aforementioned hypothesis is supported by the observation that rinsing of PCL constructs with DMEM after HP sterilization significantly reduced the toxicity of the PCL constructs. However, a longer rinsing period may be required since the HPDM group did have significantly lower cell viability than the other groups on day 2 of culture. The reduced cell viability on day 2 in the ALC and UV groups may be due to the cells being scraped off the well by the PCL construct during the handling of the plates during culture and processing, and not due to a cytotoxic affect by the construct or sterilization process. However, further study will need to be done to confirm this hypothesis.
Significance: These data suggest that HP sterilization of three dimensional PCL constructs has a toxic effect on canine chondrocytes and emphasize the need to assess the potentially adverse effects of sterilization methods on the biological and mechanical properties of PCL constructs prior to in vivo application.
